ABSTRACT A study was done of the bionomics, insecticide susceptibility and irritability status of Anopheles culicifacies in Sistan va Baluchestan province. Sampling was performed to determine the following parameters: species identification, seasonal activity, adult and larval susceptibility tests, irritability tests, anthropophily index and sporozoite rate. An. culicifacies adults were susceptible to all tested pyrethroid insecticides. An. culicifacies started to appear indoors in late May, showing 2 peaks in June and September. Fenitrothion, cyfluthrin and permethrin had the least irritancy effect and DDT the highest. Only 2/860 females tested were infected with Plasmodium spp. (sporozoite rate: 0.25%). ELISA testing of 250 blood meals derived from night-biting collections of female mosquitoes from humans and cows revealed that only 12.5% were human-fed. 
‫جنوب‬ ‫وبلوشستان،‬ ‫سيستان‬ ‫والية‬ ‫يف‬ ‫باملالريا‬ ‫متأثرة‬ ‫مناطق‬ ‫يف‬ ‫للمالريا‬ ‫الناقلة‬ ‫الوجه‬ ‫البعوضية‬ ‫لألنوفيلة‬ ‫اإليكولوجية‬ ‫السامت‬ ‫اإلسالمية‬ ‫إيران‬ ‫مجهورية‬ ‫رشق‬
Traditionally, the sporozoite rate of mosquitoes was assessed by dissection of the salivary glands of individual mosquitoes; however, this is often a laborious process [20] . In recent years more efficient sporozoite detection methods have been developed, including serological methods, e.g. enzyme linked immunosorbent assay (ELISA) or immunochromatographic assay [21] and molecular techniques, e.g. polymerase chain reaction (PCR) [22] . PCR methods have been used to amplify specific DNA sequences of P. falciparum for highly sensitive detection of mosquito resident parasites [22] . The PCR procedure can detect as few as 10 sporozoites in the salivary glands (0.2 pg of parasite DNA) and is therefore a poweful tool for screening small numbers of anophelines [23] .
There are important differences in the bionomics of An. culicifacies in different regions, including differences in seasonal relative density, diurnal activity and human-biting behaviour [24] . Knowledge of the profile of An. culicifacies in different areas of the Islamic Republic of Iran is crucial for understanding the impact of mosquito control strategies that rely principally on indoor spraying of houses with residual insecticide. The objective of this study therefore was to determine the bionomics, insecticide susceptibility and irritability status of An. culicifacies in Sistan va Baluchestan province, south-east Islamic Republic of Iran.
Methods

Study area
The investigation was carried out over a period of 12 months in Sistan va Baluchestan province (25°3′ to 28°31′ N and 58°48′ to 63°19′ E) during 2005. This province has a subtropical climate and is prone to season al malaria transmission. The province comprises 3 regions of differing geography: the coastal region in the south, a mountainous region in the west and the desert region in the east and north. It is bordered by the Oman Sea in the south.
Iranshahr district is located in the centre of Sistan va Baluchestan province with a surface area of 30 230 km 2 , between long 58°59′ to 61°15′ E and lat 26°55′ to 28°40′ N. The area is subtropical and suitable for malaria maintenance and transmission. Iranshahr is a city with a population of 25 9700. The total number of malaria cases was about 7228 in 2005 [personal communication, Iranian Health Ministry disease management centre]. It is an agricultural region irrigated by rivers, deep wells and cement pools, which are the main breeding sites for mosquitoes.
Based on these criteria and from a statistical point of view, several localities in each region were randomly selected for the survey: Bandan, Machkor and Seraydan from the mountainous region and Abchekan, Nokjoob and Malekabad from the plateau. These sites have been the principal malarious zones in the province in the last 3 years. During the fieldwork, Machkor from the mountainous region and Malekabad from the plateau were omitted from the study due to transport problems and natural disasters such as flooding.
Adult and larval collection methods
Pyrethrum space spray catches were performed monthly in 8 shelters (4 human and 4 animal shelters) located in different parts of the villages in each region by standard methods using 0.2% pyrethrum spray [25] . The density was calculated as the number of mosquitoes per shelter. Attempts were also made to catch anophelines outdoors using shelter pits, night catch and window traps.
Larvae were sampled using standard dippers (500 mL) from breeding places close to adult collection sites. The mean number of larvae was calculated per 10 dippers.
Entomological survey
Entomological evaluations were carried out in the villages in which malaria transmission occurs and where the presence of An. culicifacies had been reported previously. Space-spray collections were carried out monthly in 8 fixed shelters: 4 animal and 4 human shelters in each village, according to World Health Organization (WHO) procedures [26] . In addition, larval collections, night biting and shelter pit collections of adults were carried out monthly and continued for a period of just over 5 months.
Adult susceptibility tests
The insecticide susceptibility tests on field adults and larvae were performed on the An. culicifacies collected from mountainous area. For the adult tests, female Anopheles spp. reared from collected larvae were exposed to discriminating doses of etofenprox 0.50%, permethrin 0.75%, deltamethrin 0.05%, lambdacyhalothrin 0.05% and cyfluthrin 0.15% for 60 min. at 25-29 °C and 65%-80% relative humidity [27] . The effects of these insecticides were studied in accordance with WHO standards, using mortality rates after 1-hour exposure followed by monitoring over a 24-hour recovery period [28] . Silicon oil impregnated papers were used for control exposures for pyrethroid insecticides.
Larval susceptibility test
For the larval insecticide susceptibility tests fenitrothion was used at the discriminating dose. Butanone 2% in absolute ethanol was used as a control. Late third and early fourth instar larvae were tested with larvicides according to the method described by WHO [29] . The larvae were exposed to discriminative dose of larvicide. A total of 100 larvae representing 4 replicates of 25 larvae were tested. The larvae were fed with Bemax and fish food, and mortality counts were made after a 24-hour exposure period.
Irritability tests
The irritability levels of An. culicifacies against diagnostic dose of dichlorodiphenyltrichloroethane (DDT) and pyrethroids (lambda-cyhalothrin, permethrin, cyfluthrin and deltamethrin) insecticides were measured in an exposure chamber according to WHO methods using light intensity of approximately 8 foot candles was used [30] . The field mosquitoes were collected from different larval breeding places of Iranshahr county. In each test, 30 sugar-fed 2-3-day-old adult females were exposured and the number of takeoffs at 1 min. intervals was recorded. for 15 min. The Abbott formula was used to correct the observed mortalities [31] . The results were subjected to statistical analysis using SPSS, version 13 and the collected data were analysed by Student t-test and the chi-squared test.
Host preference pattern
To determine the host preference pattern of An. culicifacies, blood-fed mosquitoes were collected by suction tube inside human dwellings, stables, storerooms and outdoor resting places around villages. The blood meals of the identified anophelines were smeared on circles of Whatman no.1 filter paper. They were interleaved with nonabsorbent onionskin paper and sent to the Department of Parasitology in the Pasteur Institute of Iran for ELISA testing [32] .
Detection of malaria parasites
Investigation of malaria parasites were performed on 860 fed female An. culicifacies mosquitoes (head and thorax) that were collected during 2 malaria transmission peaks: June/July and September/October 2005. Parasite DNA was extracted by phenol-chloroform solution (1:1). Following DNA extraction, nested PCR was conducted due to the high sensitivity of this method for detecting the human malaria parasite [33] . Extracted DNA was processed by the genus-specific primers corresponding to small subunit ribosomal ribonucleic acid (ssr RNA) from malaria parasites such as P. vivax and P. falciparum [33] . The amplified DNA products were detected in ethidium bromide stained 2.5% agarose gels using electrophoresis [33] .
Results
Entomological survey
An. culicifacies were found in all rural districts inspected. Larvae were found in man-made water collections (including wells, cisterns, fountains, ornamental ponds and in the water stored in drums and building construction sites); from pools, stream margins, catch basins and seepage canals; sewage water, wells and the drainage containers of air conditioners in houses. In rural areas, An. culicifacies were found in pools, stream beds, palm irrigation canals, at the margins of stream and rivers, in seepage and in marshy areas with a gentle flow of water. They were also found in water with a high salinity.
In The abdominal conditions of An. culicifacies (n = 2103) using different methods of collection are shown in Table 2 . From this table it can be concluded that most females were freshly fed (42.4%), gravids or semi-gravids.
Seasonal pattern
This species remained reproductively active throughout 5 months in the province (Figure 1 ). Its activity started in June, reached a peak in July and then gradually decreased. Subsequently, its relative density again increased from September in the mountainous and plain regions, with a second peak in October. The density of An. culicifacies in mountainous areas was higher in the autumn. There was low activity during the cold winter and hot summer periods.
Host preference pattern
The host preference pattern of An. culicifacies is presented in Figure 2 . Night biting collections resulted in more than 940 specimens from animal bait (cows) and 182 from human bait. This showed that An. culicifacies was highly zoophilic in the rural mountainous areas and in the rural plains.
In ELISA testing of 550 blood meals of this species, the proportion giving positive reactions from (+) to (++++) with alkaline phosphatase anti-human conjugate varied between collection sites. Of those collected 12.5% had fed on humans alone. All of the blood meals gave a detectable reaction to one or other of the antisera.
Susceptibility tests
The results of larval susceptibility tests showed that diagnostic doses of fenitrothion caused 100% mortality of larvae of An. culicifacies after a 24-hour recovery period.
The adult susceptibility tests using WHO criteria (98%-100% mortality indicating susceptibility and < 98% mortality indicating resistance), showed that An. culicifacies was susceptible to all the insecticides tested: etofenprox, permethrin, deltamethrin, lambdacyhalothrin and cyfluthrin.
Irritability tests
The results of irritability tests showed that DDT had the most irritancy effect against An. culicifacies whereas permethrin and cyfluthrin displayed the lowest irritancy effect. The mean number of take-offs/minute/adult with permethrin was 0.58 (SD 0.08). The figures for DDT, deltamethrin, lambdacyhalothrin, cyfluthrin and etofenprox were: 4.47 (SD 0.33), 0.77 (SD 0.09), 0.92 (SD 0.11), 0.73 (SD 0.10) and 1.54 (SD 0.15) respectively. Using one-way analysis of variance and the GamesHowell post-hoc test, the results showed a statistically significant difference in the irritability level among pyrethroids, with permethrin showing a higher irritancy in An. culicifacies compared with DDT, lambda-cyhalothrin, cyfluthrin and deltamethrin (P < 0.05).
Detection of malaria parasites
The analysis of malaria parasites revealed that out of 860 An. culicifacies females tested, 2 samples were infected by Plasmodium spp., a sporozoite rate of 0.25%.
Discussion
Mosquitoes of the An. culicifacies complex are widespread in tropical Asia and are the principle vectors of malaria across the Indian sub-continent and Arabian peninsula, including parts of the Islamic Republic of Iran. An. culicifacies occurs in scattered foci along the Gulf area as far west as Bushehr, in the south of the Islamic Republic of Iran. An. culicifacies Giles with An. stephensi is regarded as the chief vector of malaria in the south-eastern corner of Islamic Republic of Iran [34] . In most areas the An. culicifacies s.l. population have 2 main seasonal peaks of relative density, during the spring and autumn [35, 36] . We too found the main peak in June and a The PCR procedure can detect as few as 10 sporozoites in the salivary glands (0.2 pg of parasite DNA) and is therefore a useful tool for screening small numbers of anophelines [23] . The infectivity rate among An. culicifacies females was very low (0.25%) in the season in which our samples were collected. This method has proved to be more sensitive than other diagnostic methods and is recommended for epidemiological studies in different malarious regions of the country.
We aim to establish a national laboratory for the detection of parasites in malaria vector mosquitoes using the molecular method described in our study.
